In the present investigation, the dissimilar metal butt joints between low nickel high nitrogen 201 stainless steel and conventional 304 stainless steel were prepared by shielded metal arc welding process with two different llers, E308L and E309L. The effects of llers, along with variation in solution annealing temperature as 1050 C and 1100 C, on the microstructural characteristics, mechanical properties, and intergranular corrosion behaviour of dissimilar weldments were investigated. The primary δ-ferrites of fusion zone were transformed into austenite at the solution annealing temperature for both the llers and the transformation rate was accelerated with the increased solution annealing temperature. This led to a reduction in the ferritic-austenitic interface and subsequently improved the corrosion resistance. The double loop electrochemical potentiodynamic reactivation test was performed to measure the degree of sensitization. The fracture surface examination of weldments revealed the presence of a brous structure before the solution annealing treatment and demonstrated a ductile failure. After the solution annealing treatment, the ferrite to austenite transformation treatment led to a river like morphology and indicated for brittle fracture. 
Introduction
With the emerging demand for new materials, and their joining necessities with other materials for economic motives, dissimilar welding has moved into an inevitable exercise in most industries 1) . The newly developed chrome-manganese stainless steels (SSs) grades are widely fascinating the market of conventional austenitic stainless steels (ASSs). The price uctuation of Ni (foremost alloying element to stabilize austenitic phase in conventional ASSs) and subsequent price rise and instability are also promoting the economic counterpart; chrome-manganese SSs 2) . Fusion welding is an inevitable process in the joining of dissimilar stainless steels. Due to the differences in physical, mechanical and chemical properties of the two materials involved, it is very dif cult to achieve dissimilar welds with high quality 3) . Generally, the ferrite content in the weldments is maintained as 3-8% to avoid hot cracking. This ferrite is usually known as δ-ferrite because it formed at elevated temperatures. The pitting phenomenon occurred preferentially in the ferritic phase 4) ; further, the inter-dendritic region is susceptible to carbide precipitation or chromium depletion. Hence, this ferrite content is usually detrimental for corrosion resistance. Therefore, the proper selection of ller material plays an important role in obtaining the optimum δ-ferrite content to avoid hot cracking and preserve corrosion resistance 5, 6) . Few researchers have made an attempt to improve the corrosion resistance of weldments by varying the ller materials and solution treatment temperature. Badji et al. 7) studied the effect of solution annealing (SA) temperature on the precipitation kinetics in 2205 duplex stainless steel (DSS) welds. They concluded that the rise in the solution annealing temperature hindered the detrimental σ-phase precipitation and favor the intergranular secondary austenite γ 2 precipitation.
Further, Badji et al. 8) studied the effect of annealing temperature on texture, microstructural and anisotropic properties of DSS welds. Ten et al. 9) studied the effect of SA temperature on the plasma arc welded joints in 1 M NaCl solution. They stated that the stable pits preferentially formed at the ferritic structure. Chuaiphan et al. 10) investigated the effect of ller alloys, ER308L, ER309L and ER316L on the dissimilar weldments between AISI 201 SS and low carbon steel and approaches ER309L and ER316L ilers to protect the weld surface against corrosion attack. Somrerk et al. 11) investigated the effect of nitrogen mixing in the shielding gas to minimize the ferrite content of weldment and subsequent effects on the corrosion resistance. Authors in a previous work, 12) have studied the effect of austenitic llers, E308L, E309L and E310L on the microstructural and mechanical properties of ultra-low nickel ASS.
In the present investigation, an attempt has been made to explore the effect of ller electrodes on the dissimilar weldments between AISI 201 SS and conventional type 304 SS by evaluating the microstructural characteristics and mechanical properties and their subsequent effects on the corrosion resistance. Further, the solution annealing treatment of weldments has been performed at two different temperatures. The microstructural variations after solution annealing treatment are correlated to the mechanical properties and corrosion behaviour.
Materials and Methods
In the present study, two ller electrodes, E308L and E309L were employed to fabricate dissimilar weld joints between 3 mm thick sheets of AISI 201 and AISI 304 SS. The nominal chemical composition of base and ller materials was depicted in Table 1 . The shielded metal arc welding (SMAW) process was used in direct current electrode negative (DCEN) polarity mode with 2.4 mm electrode diameter.
The joint fabrication was processed in a single pass with an average heat input of 0.65 kJ.mm −1 13) . Further, solution annealing of weldments was carried out at 1050 C and 1100 C for 1 h followed by water quenching. For metallographic examinations, the welded samples of facet 50 × 10 × 3 mm 3 were obtained in the transverse direction of weldment and polished on successive papers up to 2000 grit emery paper followed by velvet cloth polishing with 0.75 µm alumina slurry. In order to reveal the microstructures, electrolytic etching was performed in accordance with the ASTM A-262 practice A test 14) . Microhardness measurement was carried out in the transverse direction of weldments at regular intervals using the Vickers hardness testwer at 500 g/20 s 15) . Further, tensile test was carried out on INSTRON 4467 16) and subsequently, fractographic analysis was carried out using scanning electron microscope (SEM) JEOL 6380 .
The electrochemical analysis was carried out through double loop electrochemical potentiodynamic reactivation test (DLEPR) test using a potentiostat Solartron 1285 . The DLEPR test was performed in 0.5 M H 2 SO 4 + 0.01 M NH 4 SCN solution on specimens, including WM and HAZ in a conventional three-electrode cell at room temperature (27 C) 17) . The test solution was de-aerated (oxygen free) using nitrogen purging for 1 h. All the DLEPR experiments were initiated after attaining the steady state open circuit potential (about 30 min). The tests were performed at a scan rate of 6 Vh −1 (1.667 mVs
) and having a potential range of −500 mV (SCE) to +300 mV (SCE) during forward scan. The scanning direction was then reversed, and the potential was reduced to −500 mV for obtaining a backward scan.
Results and Discussion

Solidi cation mode and δ-ferrite measurement
Schaef er diagram is used in the present study to calculate the δ-ferrite content and solidi cation mode. The C req /Ni eq ratio for E308L and E309L llers are calculated according to eqs. (1) and (2) 18) .
(1)
The calculated values of Cr eq and Ni eq are then plotted systematically, assuming 25% dilution 19) as shown in Fig. 1 . The δ-ferrite obtained for E308L [Point 1] and E309L [Point 2] llers were 9 vol% and 6 vol% respectively. The results are presented in Table 1 , which signi es ferritic-austenitic (FA) solidi cation mode for both the weldments.
Microscopic evaluation 3.2.1 Microstructures of weldments in as-weld condition
The solidi cation morphologies of E308L and E309L ller weldmets have been depicted in Fig. 2 . The vermicular as well as lathy ferrite morphologies are obtained for E308L ller whereas, E309L ller represents only vermicular ferrite as shown in Fig. 2 (a) and 2(b) respectively. This additional lathy ferrite morphology in E308L ller is attributed to the higher Cr/Ni equivalent ratio which, resulted in more amount of retained δ-ferrite and subsequently lathy morphology has been formed 12) . Further, the grain coarsening is observed in HAZ of both the weldments but, it is more prominent towards AISI 201 side. This is attributed to the higher susceptibility of type 201 SS to form chromium carbides during welding 20) . Since, the HAZ has been heated to the temperature approaching for solidus temperature; many of the precipitates of base metal may dissolve. This may lead to a super-saturation state of austenitic base metal during cooling and various precipitates formed at grain boundary or at the ferritic-austenitic interface 21) .
Microstructures of weldments after solution annealing treatment
The microstructural changes in weldments after solution annealing treatment are depicted in Fig. 3 . The ferrite content in dendritic structure tends to transform into the austenite matrix since ferrite is not a stable phase in the temperature range of 1050 C to1100 C. A signi cant amount of ferrite content of E308L weldment is transformed into austenite compare to E309L weldment as depicted in Fig. 3 (a) and 3(c) respectively. On increasing the annealing temperature up to 1100 C (different specimnes were used at different annealing temperatures), most of the ferrite have been transformed into austenite as shown in Fig. 3 (b) and 3(d) for E308L and E309L weldments respectively. The ferrite to austenite transformation is quite signi cant for E308L weldments at both solution annealing temperatures compare to E309L weldments. This is attributed to the presence of a smaller amount of ferrite in E309L weldments and subsequently, a low driving force is offered. The precipitates at HAZ of both the sides of the FZ were also dissolved into the matrix. This leads to the homogenization of the weld matrix.
Corrosion behaviour
The DLEPR test is used to measure the degree of sensitization (DOS) of stainless steels or the Cr-depletion at the sensitized grain boundary. The DLEPR test has been performed on specimens contains FZ and HAZ. The DLEPR graphs of weldments are presented in Fig. 4 . The activation peak current density (I a ) has been obtained during forward scan whereas, reverse scan possesses a reactivation peak current density (I r ). The DOS is computed as the ratio of (I r /I a ) × 100. Generally, the I r is precipitous dominating and the breakdown in the passive lm occurred due to defects and precipitation increases the I r . The DOS of E309L weldment (2.72%) is obtained better than E308L (3.06%) joints in as-welded state. This may be attributed to the lower δ-ferrite content of E309L weldment. Interestingly, after the solution annealing, the DOS for E308L weldments (1.41% and 0.81% at 1050 C and 1100 C) for has been reduced and turn into lower than E309L weldments (1.48% and 0.92% at 1050 C and 1100 C). It can be attributed to the faster rate of ferritic to austenitic transformation. The DOS decreased with increasing SA temperature may be attributed mainly to two reasons. First, the chromium carbide precipitates dissolved at the grain boundaries, which makes available more chromium to form a passive oxide layer and decreasing the I r value 22) . Secondly, the δ/γ interface decreased due to ferrite to austenite transformation and subsequently suppressed the preferential attacking sites and restricted the lm breakdown 23) .
Mechanical properties 3.4.1 Microhardness determination
Microhardness evaluation has been carried out in the transverse direction of welded joints. The hardness variation, between E308L and E309L weldments as depicted in Fig. 5 , can be attributed to the differences in the δ-ferrite content and morphologies 12) . Moreover, an increasing trend in the hardness value was observed when moving towards AISI 201 side via FZ in all three weldments. This may be attributed to the solid solution strengthening in AISI 201 due to carbon and nitrogen. Further, an abrupt change in hardness is observed due to partially melted zone (PMZ) i.e. between FZ and HAZ. After, solution annealing treatment, ferrite to austenite transformation and carbide dissolution in HAZ leads to the homogenization of weldments and these abrupt changes in hardness tends to disappear. This tendency is followed by both E308L and E309L ller weldments and depicted in Fig. 5(a) and (b) respectively. 
Tensile strength evaluation
The tensile specimens are prepared in transverse direction as depicted in Fig. 6 . The E308L ller weldments (602 MPa) possess higher tensile strength compare to the E309L ller joint (550 MPa) in as-welded condition. The higher amount of δ-ferrite in E308L weldment improves the ductility and tensile strength 12) . The higher carbon content of AISI 201 makes it more susceptible for intergranular precipitations as depicted in Fig. 2 . This carbide precipitation degrades the mechanical properties and subsequently, fracture takes place at AISI 201 side for both llers. Further, the solution treated weldment deteriorate their tensile strength due to the ferrite to austenite transformation. But, the precipitate dissolution incorporated into improving tensile strength by homogenizing the structure. The tensile strength of solution treated E308L ller weldments are 570 MPa and 550 MPa for 1050 C and 1100 C respectively, whereas 520 MPa and 505 MPa for E309L ller weldments. The fragmented specimens are analyzed using SEM exhibited a dimple morphology (ductile failure) in as-welded condition for both E308L and E309L weldments as depicted in Fig. 7(a) and (d) respectively. The fractography of SA weldments revealed the occurrence of a brittle failure at 1100 C as depicted in Fig. 7 (c) and (f) for E308 and E309 respectively. This brittle failure is dominated due to ferrite to austenite transformation in FZ and subsequent reduction in ductility.
Conclusions
The current study deals with the aim of proposing AISI 201 ASS as an economical substitute for AISI 304 and the effect of ller materials (E308L and E309L) mechanical properties and corrosion resistance of weldments were investigated. The following results were drawn:
(1) Dissimilar weldment of AISI 201 and AISI 304 was successfully fabricated by SMAW using both E308L and E309L ller materials.
(2) Solidi cation cracking was avoided in weldment by achieving ferritic-austenitic (FA) solidi cation mode in both ller materials weldment. (3) The higher δ-ferrite content in E308L ller was appreciable for tensile strength. The ferrite to austenite transformation leads to decline in tensile strength and subsequent dissolution of precipitates also decline the hardness of weldments for both E308L and E309L weldments.
(4) E308L ller weldments were more prone to sensitization comparing to E309L ller weldments due to high δ-ferrite content. Interestingly, the reverse trend was observed at higher solution annealing temperature that is E308L shows decreasing trend in DOS. It was attributed to faster transformation rate of ferrite into austenite.
